Complexes containing the anions of 5-benzoylamido-l,3,4-thiadiazole-2-sulfonamide and 5-(3-nitrobenzoylamido)-l,3,4-thiadiazole-2-sulfonamide as ligands, and main group metal ions were synthesized and characterized by standard procedures
Introduction
The eight carbonic anhydrase (CA, EC 4.2.1.1) isozymes isolated up to now in higher vertebrates," are involved in critical physiological processes such as transport of C0 2 between metabolizing tissues and lungs, secretion of electrolytes in many organs, 3 ' 4 and signal transduction in a variety of cells. 5 Sulfonamide CA inhibitors are widely used drugs in the treatment or prevention of glaucoma , gastro-duodenal ulcers , or diverse neurological disorders 6 but recently they were shown to be useful for the inhibition of osteoclastic bone resorption and hence as a new therapy of osteoporosis. Moreover, sulfonamide CA inhibitors, such as acetazolamide 1 were recently shown to be useful in the therapy of cancer with a lot of antineoplastic agents, such as carmustine, cisplatin or melphalan. 8 CA inhibition by the sulfonamide probably produces acidification of the intratumoral environment, and markedly decreases in this way tumor growth in experimental animals, but the definitive mechanism of action is not clarified yet. 8 9 More than that, recently a human tumor-associated protein was isolated, possessing a domain homologous to and enzyme activity of the CA type (subsequently this protein was denominated CA IX), 10 which is detectable only in cancerous cells. This proves that CA and its inhibition might be critical for a better understanding of cell proliferation and transformation, as well as the design of novel types of anti-cancer therapies. Taking into account our interest in both sulfonamide" as well as non-sulfonamide CA inhibitors, 12 we also investigated extensively the coordination compounds of heterocyclic/aromatic sulfonamides as inhibitors of diverse CA isozymes. 13 ' Since l,3,4-thiadiazole-2-sulfonamide derivatives, such as acetazolamide 1 13,14 or benzolamide 2 14 have many clinical applications, their coordination chemistry, as well as that of the parent compound 5-amino-l,3,4-thiadiaole-2-sulfonamide 3, 15 have been much investigated. In this paper we report the synthesis of two novel sulfonamides derivatives of l,3,4-thiadiazole-2-sulfonamide (compounds 4 and 5), of their metal complexes containing Be(II), Mg(II), Zn(II), Cd(II), Hg(II), and Pb(II) ions, and enzymatic inhibition studies for three CA isozymes, CA I, II and IV. All the new compounds possess excellent inhibitory properties against these isozymes, although their susceptibility to inhibition varies greatly.
Materials and Methods
IR spectra were recorded on a Specord M83 or Perkin-Elmer 16PC FTIR instruments, in the range 400-4000 cm" 1 , in KBr pellets. Solution electronic spectra were recorded with a Specord M400 or Cary 3 spectrophotometers interfaced with a PC. Conductimetric measurements were done in DMF solutions, at Vol. 20, No. 3, 1997 Synthesis and Carbonic Anhydrase Inhibitory Activity of Acetazolamide used for the synthesis of sulfonamide 3-5 and 4-nitrophenyl acetate were from Sigma. Metal salts, benzoyl and 3-nitrobenzoyl chloride as well as solvents were from Merck. Human CA I and CA II cDNAs were expressed in Escherichia coli strain BL21 (DE3) from the plasmids pACA/HCA I and pACA/HCA II (the two plasmids were a gift from Prof. Sven Lindskog, Umea University, Sweden). Cell growth conditions were those described by Lindskog's group, 16 and enzymes were purified by affinity chromatography according to the method of Khalifah et al. Enzyme concentrations were determined spectrophotometrically at 280 nm, using a molar absorptivity of 49 mM" 1 . cm"' for CA I and 54 mM"\cm"' for CA II, respectively, based on M r = 28.85 kDa for CA I, and 29.3 kDa for CA II, respectively.
18 CA IV was isolated from bovine lung microsomes as described in the literature. 19 Initial rates of 4-nitrophenyl acetate hydrolysis were monitored spectrophotometrically, at 400 nm and 25°C, with a Cary 3 apparatus interfaced with an IBM compatible PC by the method of Pocker and Stone. 20 . Solutions of substrate were prepared in anhydrous acetonitrile; the substrate concentrations varied between 10" 2 and 10" 4 M. A molar absorption coefficient ε = 18400 Μ '.cm 1 was used for the 4-nitrophenolate formed by hydrolysis, in the conditions of the experiments (pH 7.80), as reported by Pocker and Stone.
0 Non-enzymatic hydrolysis rates were always subtracted from the observed rates. Duplicate experiments were done for each inhibitor, and the values reported throughout the paper are the averages of such results. IC 50 represents the molarity of inhibitor producing a 50% decrease of enzyme catalyzed hydrolysis of 4-nitrophenyl acetate. General procedure for the synthesis of sulfonamides 4 and 5 1.8 g (10 mM) of 5-amino-1,3,4-thiadiazole-2-sulfonamide were suspended in 25 mL of anhydrous acetonitrile and 10 mM of acyl chloride were added together with 5 mL of dry pyridine. The mixture was stirred magnetically at 4 °C for 24 hours, then the solvent was evaporated in vacuo and the acylated sulfonamides recrystallized from ethanol. Yields were in the range of 80-85 %. 
Synthesis of 5-amino-1,3,4-thiadiazole-2-sulfonamide

Main Group Metal Chemistry
Results and Discussion
Reaction of 5-amino-l,3,4-thiadiazole-2-sulfonamide 3 (obtained from acetazolamide 1 by desacetylation) with benzoyl chloride or 3-nitrobenzoyl chloride afforded the sulfonamides 4 and 5, which were used then as sodium salts for the preparation of metal complexes (Scheme 1). The new compounds 4 and 5 were characterized by spectroscopic measurements (IR, electronic and H-NMR spectroscopy) and elemental analyses, which confirmed the proposed structure (see Materials and Methods for details).
Coordination compounds containing the conjugate base of sulfonamides 4, 5 and metal ions such as Be(II), Mg(II), Zn(II), Cd(II), Hg(II) and Pb(II) were obtained thereafter. The prepared complexes and their proposed formulas (based on elemental analysis, ± 0.4% of the theoretical values) are shown in Table I . The new complexes 6-19 were also characterized by spectroscopic (IR, electronic and 'H-NMR spectroscopy), conductimetric and thermogravimetric (TG) measurements. Some of these data are shown in Table II .
The most notable changes in the IR spectra of complexes 6-19, as compared to the spectra of sulfonamides 4,5 from which they were obtained, were the following: (i) the shift of the two sulfonamido vibrations with 2-40 cm" (for the symmetric vibration) and 5-25 cm" 1 (for the assymetric one), respectively, towards lower wavenumbers, as already documented previously 11 "
15 for similar complexes. The same shift was also evidenced for the sodium salt of sulfonamides 4 and 5 (data not shown). This is a direct indication that the deprotonated sulfonamido moieties of the ligands interacts with the metal ions; (ii) the amide vibrations (the most intense such bands at 1670-1680 cm" 1 ) of ligands 4, 5 and complexes 6-19 appear unchanged in the IR spectra (data not shown), suggesting that these moieties do not participate in coordination of the metal ions; (iii) with two exceptions (complexes 9 and 16), the C=N vibration in the spectra of the other prepared complexes is shifted with 5-20 cm 1 towards lower wavenumbers, as compared to the same vibration in the spectra of sulfonamides 4, 5, indicating that one of the endocyclic nitrogens of the thiadiazolic ring (presumably N-3) acts as donor atom, as already documented by X-ray crystallographic and spectroscopic determinations on complexes of other sulfonamides (such as 1-3) with divalent metal ions; 13 ' 15 (iv) changes in the region 3100-3160 cm" 1 , as the bands present in the spectra of sulfonamides 4, 5 are present in the spectra of complexes 6-19 too, but they are not well resolved, and have a smaller intensity. This is probably due to deprotonation Vol. 20, No. 3, 1997 Synthesis and Carbonic Anhydrase Inhibitory Activity of 5- Benzoylamido-and 5(-3-Nitro-Benzoylamido)-1,3,4 f Corresponding to two coordinated water molecules, lost at 170-180 °C.
In the 'H-NMR spectra of complexes 6-19 all the bands present in the corresponding spectra of the ligands were observed (data not "shown), excepting for the ones of the sulfonamido protons (at 7.40 ppm for 4, and 7.44 ppm for 5, respectively). On the other hand, the signals of the CONH protons were seen at almost the same chemical shift in the spectra of the complexes and the ligands (Table II) , but the signal has the intensity corresponding to two protons for the former, and corresponding to one proton for the latter (of course, in the prepared complexes two or four such moieties are present, so that the signals of table II show 2H or 4H, respectively). This is another indication that the sulfonamides 4, 5 are deprotonated at the S0 2 NH 2 moiety, which thereafter participates in binding of the metal ions, whereas the CONH moiety is not involved in this binding. The same type of information was provided by examining the solution electronic spectra of the complexes and the initial sulfonamides (data not shown). Practically, the spectra of the complexes (registered in DM SO} were similar to the corresponding electronic spectrum of the monosodium salt of the parent sulfonamide.
1 '" 1 TG analysis showed the presence of two coordinated water molecules in the Pb(II) complexes 12 and 19; no water molecules were present in the other complexes. Moreover, deccompositions occured at temperatures higher than 250°C for all other complexes, which presumably can be accounted on the oxidation of the organic ligands. Conductimetric measurements indicated the non-electrolyte nature of the ligands and the complexes, except for 9 and 16, which are 2:1 electrolytes (Table II) .
The above data lead to the conclusion that ligands 4 and 5 share a common coordination chemistry with acetazolamide 1 rather than benzolamide 2.
13 " 5 This is rather important, since as it will be shown shortly, their CA inhibitory properties are more similar to those of the last compound (see Table III ). Thus, in all complexes in which the combination ratio metal ion:sulfonamide was of 1:2, these sulfonamides (as monodeprotonated species at the S0 2 NH 2 moieties) act as bidentate ligands, through the endocyclic N-3 and the NH" groups. In complexes 9 and 16 on the other hand, they probably act as monodentate ligands, coordinating metal ions by the sulfonamidic nitrogen (again the sulfonamide is deprotonated). The proposed formulae of the new complexes are shown below. Except for the two Pb(II) complexes 12 and 19, which presumably are octahedral, the other derivatives are supposed to contain tetrahedral M(II) ions. Mentioned should be made that this is the first study reporting anion-t^f>e complexes such as 9 and 16. All other Zn(II) complexes of heterocyclic sulfonamides reported up to now " had a 1:2 ratio Zn(II) -sulfonamide, and were neutral compounds.
Biological activity data with the newly synthesized sulfonamides, their metal complexes as well as standard CA inhibitors ^acetazolamide 1 and benzolamide 2) against three CA isozymes (CA I and II, which are cytosolic enzymes, 2 ' and CA IV, a membrane-associated isozyme 22 ) are presented in Table III . "Human (cloned) isozyme; isolated from bovine lung microsomes (ref. 19 ).
These data clearly indicate that the two new sulfonamides behave as very potent inhibitors, similarly to benzolamide, one of the most efficient inhibitor reported up to now. 3 ' 4 It is also obvious that isozyme CA II is the most susceptible to inhibition by sulfonamides, 4 ' 5 followed by CA IV, whereas CA I is the most resistant one. This type of behaviour was in fact previously reported for other types of sulfonamide inhibitors by this and other groups."' 19 The coordination compounds of the new sulfonamide have on the other hand a slightly different behaviour, showing an enhanced efficiency in inhibiting CA I (in addition to CA II, against which they prove excellent inhibitory properties), but not so for CA IV. Against this last isozyme, although good inhibition is obtained, the difference between the effect observed with the free sulfonamide and that of the complex is not so accentuated as for the other two isozymes. Cations leading to the most efficient inhibitors were Zn(II); Cd(II); Hg(II) and Pb(II), as already documented previously.
13 " 15 
